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Introduction
Patellofemoral Pain Syndrome (PFPS) is the most common knee joint pathology among young age groups [1] , and is referred to as pain in the retropatellar and peripatellar regions [2] . The most common symptoms in patients with PFPS is pain during and after physical activity, during bodyweight loading of the lower extremities as in walking up/down stairs and squatting, and in sitting with the knees lexed. The symptoms are usually of gradual onset, although sometimes they may be acute as when caused by trauma, unilateral or Abstract Patellofemoral pain syndrome is common among athletes who participate in jumping, running and pivoting sports. The aim of this study was to compare selected lower limb biomechanical variables between University of Ibadan students (athletes) with and without patellofemoral pain syndrome.
The research design for this study was a case control survey and a purposive sampling technique was used to recruit participants. Two hundred and twenty two (191(85.8%) males and 31 (14.2%) females) sportsmen participated in this study. The participants' age was between 20-29 years. Fourty sportsmen tested positive to Clarke's test while 27 sportsmen tested positive to Eccentric step test. Measurements of static quadriceps angle, hamstring tightness and navicular height were taken for all participants.
Data were analyzed using descriptive statistics of mean, standard deviation, percentages and inferential statistics of Independent 't' test.
The mean lower limb biomechanical variables of participants with patellofemoral pain syndrome were 13.18 ± 2.37°, 106.46 ± 16.11° and 1.21 ± 0.61 cm while those without were 13.65 ± 2.46°, 128.95 ± 25.36° and 1.03 ± 0.58 cm for static quadriceps angle, hamstring tightness and navicular height respectively. There was no signifi cant difference (p > 0.05) in selected lower limb biomechanical variables between participants with and without patellofemoral pain syndrome.
In conclusion there was no signifi cant difference in static quadriceps angle, hamstring tightness and ankle pronation between participants with and without patellofemoral pain syndrome. It was recommended that PFPS development is probably multifactorial with other functional disorders of the lower extremity apart from the selected variables.
bilateral, usually described as achy, but may be sharp [3] . Athletes, sometimes report stiffness or pain on prolonged sitting with the knees lexed [4] , knee giving way or buckling; the perceived instability being likely due to inhibitory effect of pain on the effective contraction of the quadriceps, and should be differentiated from instability originating from a patellar dislocation, subluxation or ligamentous injury of the knee [5] .
Patellofemoral pain syndrome (PFPS) accounts for 25% of all knee injuries treated in sports medicine clinics [6] . It was reported that almost 25%-30% of all injuries seen in a sports medicine clinic [7] and up to 40% of clinical visits for knee problems [8] are attributed to PFPS. It tends to occur more in the 10-35 years old, showing with high level of activity [9] . It has been suggested that the patella is highly affected by its surrounding structures and has high instability, with the instability appearing to be higher in young adults with high level of activity than other age groups [10] .
Patellofemoral pain syndrome is associated with various biomechanical characteristics of the lower extremity and potential risk factors [11] . Several risk factors play a part in the pathogenesis of PFPS with overuse, trauma and internal risk factors being particularly important among athletes [12] . Patellofemoral pain syndrome is associated with external and internal risk factors. The external risk factors are said to be found in sports activities or sports training habits, surrounding environments and incorrect use of sports equipments, while the internal risks are due to individual physical characteristics and psychological tendencies [13] . The internal risk factors can be anatomical or biomechanical (muscle tightness or weakness, generalized joint laxity, excessive ankle pronation, gait abnormalities, excessive quadriceps angle and so on) [14] . The biomechanical risk factors are explained in relation to anatomic location of the knee, which include proximal (upper femur, hip and trunk), local (in and around the patella and the patellofemoral joint) and distal (lower leg, foot and ankle) [14] .
Patellofemoral pain syndrome is common among sports disciplines such as basketball [15] , volleyball [16] and running [17] . Prevalence rates of between 13% and 26% are reported in females participating in soccer, volleyball, running, fencing and rock climbing [16] . It was reported that amateur athletes diagnosed with PFPS will stop participating in sports because of knee pain [18] .
Clinical assessment and treatment of patellofemoral pain syndrome are extremely challenging because of the multiple forces affecting the patellofemoral joint. Wilk, et al. [19] , opined that PFPS remains one of the most vexatious clinical challenges in rehabilitative medicine. Many patients with PFPS symptoms experience spontaneous recovery and even live without any symptoms at al. [20] . A combination of factors, such as abnormal lower limb biomechanics, soft-tissue tightness, muscle weakness, and excessive exercise, may result in increased cartilage and subchondral bone stress, and subtle patellar misalignment or more overt patellar maltracking. Fulkerson, [21] states that while opinions vary, there is believe that imbalance (misalignment) of the extensor mechanism can lead to overload of the retinaculum and subchondral bone. In particular, patellofemoral pain syndrome (PFPS), also known as anterior knee pain, makes up the signi icant portion of the overuse injuries observed in adolescent athletes [22] . Patellofemoral pain syndrome for a prolonged period in young adults tends to develop into degenerative arthritis of the patellofemoral joint, and symptoms of degenerative arthritis in old age can be predicted. Early diagnosis of PFPS is very important, and PFPS can be fully prevented before surgical intervention is needed via this early diagnosis [11] . The aim of this study was to compare selected lower limb Biomechanical variables between University of Ibadan Sportsmen with and without PFPS.
Methods
The research design for this study was a case control. Ethical approval was sought and obtained from the University of Ibadan/University College Hospital (UI/UCH) Health Research Ethics Committee. The rationale and procedure for the study were explained to the participants and their informed consent was obtained. Eccentric step test and Clarke's test were used to evaluate University of Ibadan sportsmen to determine those with or without patellofemoral pain syndrome. A self-designed proforma was used to obtain/ record socio-demographic data (gender, age, weight, height and types of sports) and lower limb biomechanical variables (static quadriceps angle, navicular height and knee extension angle) of each participant. Completed questionnaire was collected immediately or the following day where immediate collection was not possible.
Participants
Participants for this study were athletes whose sports of interest is one of football, running or basketball in University of Ibadan, without any form of remuneration. Participants with lower limb pathology (e.g. fracture-dislocation of the knee joint etc.) and with previous history of knee surgery were not allowed to participate in this study. Two hundred and twenty two sportsmen were randomly selected to participate in this study. One hundred and ninety one (85.8%) were males and 31 (14.2%) were females sportsmen. The participants age was between 20-29 years. Fourty sportsmen tested positive to Clarke's test while 27 sportsmen tested positive to Eccentric step test.
Instruments
The following instruments were used for data collection:
Universal goniometer:
This device was used to measure the following: a. Hamstrings Shortening: the angle of knee extension with the hip in 90° of lexion.
b. Static Quadriceps Angle: the angle between the quadriceps muscles and the patella tendon.
Ruler:
A ruler with uniform markings in centimetres was used to measure the height of the navicular bone. 
Evaluation tests
The following tests were used to screen participants for the presence of patellofemoral pain syndrome. Participants, who tested positive for either of the two tests, were classi ied as those with patellofemoral pa in syndrome while those who tested negative to both tests were classi ied as having no patellofemoral pain syndrome (control group). This is the gold standard as used in similar study by Kwon, et al. [23] . The tests included:
Eccentric step test:
The participants performed the test with bare feet. The step was 15 cm high. Brie ly, the participants were asked to stand on the step, put hands on the hips and step down from the step as slowly and smoothly as possible. Participants kept the hands on their hips throughout the test performance. After the participants have performed the test with one leg, the procedure was repeated using the other leg. The eccentric step test was considered positive for patellofemoral pain syndrome when the participant reported knee pain during the test performance [24] .
Clarke's test: Clarke's test was performed with the participants lying supine with both knees supported by a pillow, in order to create an adequate amount of knee lexion (10°-20°) [25] . While the patient was relaxed, the examiner pressed the patella distally (with the hand on the superior border of the patella) and then asked the patient to contract the quadriceps muscle [26] . If the patient's pain was reproduced during the test, the test was considered positive for patellofemoral pain syndrome.
Measurement of biomechanical variables

Assessment of hamstring lexibility: Participants'
hamstring lexibility was assessed using the hamstring lexibility test [27] . The test assessed the hamstring muscle length by measuring the angle of knee extension with the hip in 90° of lexion. Each participant performed the test twice on both lower limbs. Participants were positioned with the thigh supported by the plinth, the untested knee joint was put in 90° lexion across the edge of the plinth with the thigh of the untested leg resting on the plinth and stabilized with a strap to eliminate any elevation of the limb off the plinth and also the front of the participant's pelvis was stabilized to maintain the pelvis in a neutral position during hamstring measurements. The participant was then asked to lex the hip of the tested to 90° and with the goniometer being used to ensure 90° hip lexion. With the axis of the goniometer placed over the greater trochanter, the stationary arm parallel to the midaxillary line of the trunk and the moveable arm parallel to the femur in line with the lateral femoral condyle [27] . The participant was then asked to straighten the knee joint as far as possible while maintaining the hip at 90 degrees. The axis of the goniometer was placed over the lateral knee joint line, the moveable arm aligned with the lateral malleolus of the ankle and the stationary arm aligned with the greater trochanter parallel to the femur [27] . The goniometer measured the angle of knee extension in degrees giving an indication of hamstring muscle length as shown in igure 1.
Navicular drop test:
The Navicular Drop Test (NDT) was irst described by Brody, in 1982 as a means of quantifying the degree of ankle pronation in runners [28] . It was intended to represent the sagittal plane displacement of the navicular tuberosity from a neutral position to a relaxed position in standing [29] . Participants were in standing to ensure full weight-bearing through the lower extremity while the researcher ensured that the subtalar joint was in a neutral position. A mark was placed on the navicular tuberosity and its distance from the supporting surface ( loor or step) measured ( irst measurement). The participant would then relax after the initial measurement while the researcher measured the amount of sagittal plane excursion of the navicular bone from the supporting surface with a ruler (second measurement) [30] . A difference of > 10 mm between the irst and second measurements was considered signi icant excessive ankle pronation.
Static quadriceps angle (Q-angle):
To measure the static Q-angle, the participants stood without shoes and their knees straight in a comfortable position while looking straight ahead. Anatomical landmarks including the border of the patella, the mid-patella, tibia tubercule and anterior superior iliac spine (ASIS) were palpated and marked. The axis of the goniometer was then placed on the midpoint of the patella, its stationary arm on the ASIS while the movable arm was aligned with the tibia tubercle. The static quadriceps angle was then measured as the angle between the line connecting the mid-patella and ASIS, and the line connecting the center of tibia tubercule and the patella [31] .
Statistical analysis
Data was summarized using descriptive statistics of mean, standard deviation and percentages and inferential statistics of Independent t-test was used to compare the selected lower limb biomechanical variables between University of Ibadan sportsmen with and without patellofemoral pain syndrome. Level of signi icance (α) was set at 0.05.
Results
Soci o-demographic characteristics of participants.
A total of two hundred and ifty questionnaires were administered for the purpose of this study with two hundred and twenty-two questionnaires completely illed and returned. Two hundred and twenty-two University of Ibadan students (sportsmen) participated in this study; 40 sportsmen tested positive to Clarke's test while 27 sportsmen tested positive to Eccentric step test. There were 191 male (86%) participants compared to 31 females (14%), while most of the participants fall within the age group of 20-29 years. The mean and standard deviation values of lower limb biomechanical variables of University of Ibadan sportsmen with patellofemoral pain syndrome were 13.18 ± 2.37°, 128.95 ± 25.36° and 1.21 ± 0.61 cm for those who tested positive for Clarke test and 13.67 ± 2.88°, 106.07 ± 13.33° and 1.22 ± 0.59 cm for Eccentric step test for static quadriceps angle, knee extension angle and navicular height respectively ( Table 2) .
A comparison of the variables between University of Ibadan sportsmen with and without patellofemoral pain syndrome showed that there was no signi icant difference (P > 0.05) in mean values of lower limb biomechanical variables between sportsmen with and without patellofemoral pain syndrome for both Clarke test and Eccentric step test.
Discussion
Three different sports were selected for the purpose of this study; football, basketball and running. The selection of these sports was based on the indings that patellofemoral pain syndrome is one of the most common overuse injuries among different sports disciplines such as basketball [15] , volleyball [16] and running [17] .
A higher proportion of participants with and without patellofemoral pain syndrome in this study, were within 20-29 years age group. This agrees with Baker, et al. [1] that patellofemoral pain syndrome is the most common knee joint pathology among young age groups, corroborated by Muller and Snyder-Mackler, [9] that patellofemoral pain syndrome tends to occur more in the 10-35 years of age, showing with high level of activity. There were one hundred and ninety-one (191) males (86%) who participated in the study compared to 31 females (14%) with a higher proportio n of male participants with patellofemoral pain syndrome.
Elevated Q angle seems to be one of the suggested factors contributing to PFPS [32] . It has been theorized that an excessive static Q-angle is related to development of patellofemoral pain syndrome, through increased compressive forces between the lateral facet of the patella and the lateral femoral condyle [33] . The outcome of this study showed there was no signi icant difference in static Q angle measured between sportsmen with and without patellofemoral syndrome which is in agreement with Silva, et al. [32] . Silva, et al. [32] , also compared dynamic Q angle between sportsmen with and without PFPS and obtained a signi icant difference between sportsmen with and without PFPS and hence were of the opinion that the dynamic Q angle measure is more predictive of PFPS than static Q angle measure. Thijs, et al. [34] , and Ramskov, et al. [35] , prospectively monitored amateur street runners and found that there is no signi icant difference in static Q-angle between athletes with and without patellofemoral pain syndrome and this is in agreement with result of this study.
Patil, et al. [36] identi ied a signi icant difference in hamstring tightness in patients with patellofemoral pain syndrome relative to the control group, this is contrary to the indings of this study in which there was no signi icant difference in hamstring tightness between University of Ibadan sportsmen with and without patellofemoral pain syndrome for both Clarke test and Eccentric step test. White, et al. [37] , observed that sportsmen with PFPS presents with signi icant higher hamstring tightness compared with sportsmen without PFPS, which is not in agreement with results of this study.
Barton, et al. [38] showed that patients with patellofemoral pain syndrome have more pronated ankle type, increased forefoot abduction and increased rear-foot eversion in comparison with a healthy control group. Mølsgaard, et al. [39] , also demonstrated abnormalities of the navicular bone in high school students with patellofemoral pain syndrome. Contrary to all the report of all these indings, there was no signi icance difference in navicular bone height (ankle pronation) between University of Ibadan sportsmen with and without patellofemoral pain syndrome (for both Clarke test and Eccentric step test) based on the indings of this study.
In conclusion there was no signi icant difference in selected lower limb biomechanical variables (static quadriceps angle, hamstring tightness and navicular height) between University of Ibadan sportsmen with and without patellofemoral pain syndrome. It was recommended that PFPS development is probably multifactorial with other functional disorders of the lower extremity apart from the selected variables in this study.
